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NATIONAL AIY/iSORY COHMITTEZ FOR AERONAU!T1CS.

TECHNICAL NOTE NO. 85.

AIR FORCZ AND T!XRXEMOMENTS FOR P-5-L SEAPLANE.

B:-the Aeronautics Staff,
Construction Department, Navy Yard.

Zntroduction.- A model of the F-5-L

ifisd~ and tested at 40 ailes an hour in

lift and drag, also for pitohing, yawing
●

Subsequently, the yawing noment test was
4

seaplane was :.ade,ver-

the 81 x &’ tunnel for

and rolling moments.

zepeated ‘vitha modified

fin, The results are reported without VL soale correction.

Model.- Figures 1, 12 and 13 give the general appear=.ce

and chief dimensions of the model. For subsequent investigation

of yawing moments on the original model, it was found desirable

to replace the fin of the tail unit by one of approximately 5($c

greater area and with the rudder-balsmcing surface onitted. The.

altered fin is shown by dotted lines in Figures 1 and LZ.
●

Annaratus.- The lift and drag were measured as usual on the

Eiffel balance; the pitching and yawing moments on the torsion

balance; the rolling nommts on a special apparatus imprmised ,

for the purpose as shown in Figures 2 and 14. In the latter de-

vi~e, the model is supported from the shan~ of the torsion baL-

ance by means of an emery knife edge whioh permits it to roll

through very small angles without material resistance. The @ife
8

edge is parallel to the assumed thrust Mne and passes through a

* Th$s zeport is a slightly revised foru of the unpublished
Report No. 118, Construction Department, Navy Yard, Washington,
D. CL
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< point representing the oenter of gravity of the seaplane. The
.

monent is measured by means of a small double-platform soale

from ~hich a fine steel wire is run downwardly through the ce::-

ing of the wind tunnel, and scoured to one wing of the model, con-

tinuing to a point near the floor of the tunnel, where it is at-

tached to a shielded weight which keeps it taut. Dining the test,

the rolling displacements of the model were just large enough to

pernit of reading the indications of the platforinbalance.

● Pitchins Moments.- Figure 12 gives the line of resultant

* air foroe on the model with elevator neutral; Table I and Figure

3 give, with elevator neutral, 10° up and 10° do-m, th: pitching

moments about the transverse centroidal axis, shown in Figure 12.

Both figures and the

elevator bah.noes at

ity, and, for angles

table show that the seaplane with neutral

9° angle of attack about the center of grav-

between 0° and 13°~ po=esses sufficient in-
.

herent stability, though unstable above 13°. The diagram at tks

4 bottom of Figure 12 shows the center of pressure travel on a

~lane t&ough the center of gravity parallel to the thr,llstline.

Figure 3 shows that, for the full soale seaplane, pivoted

about its transverse centroidal axis at 40 wiles an hour, the

shift of the center pressure is nearly one inch per degree change
-l

of elevator. The same is indicated by the moment diagram taken

together with the lift diagram, Figure 3 furthermore shows that

at 9° angle of attaok the change of pitching moment for 1° changec

of angle of attack of the seaplane is 570 pound-feet, and for 1°
b
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< angle of elevator is 340 pound-feet. This latter moment reraifia
4

ilear.lyconstant through the usual angles of flight, wher?an ‘the

xoment for change of angle of attack of the seaplanfjvaries con-

siderably.

~awing Moments With original fin.- Figures 4 and 5 and

Tables II and 111 present the yawing moments; first with the lull

neutral and ruddez turned; then with the hull yawed and the rud-

der neutral to it. Under botE conditions, the seaplane possesses

* fair directional qualities at all settings from zero to 20°, Po~-

, itive and negative. Figure 4 i~dicates that the moment on the

rudder is almost exactly proportional to the angle

the ruiider.

Yawing Moments with modified fin.- Figures 10

Tables II and 111 show, for increased fin surface,

of attack of

anti21 and

the yawing

moments with hull neutral and rudder turned, and for hull yawed

* and ~mdder neutral to it. This enlarged fin improves the direc-

i tional quality for the same rudder nonent. The moments about the”

hinge of the rudder are increased by th cemoval of tti.ebakno-

ing surface, but as these moments are small for usual angles of

rudder mbvenent~ it a;pea~s more desirable to use this azea as a ‘

part of the fixed fin for directional stabilizing.

The noment for both the original and the modified rudder is

sufficient, though not ample, to steer the seaplane on a stra:.ght

level course with one engine stopFed and tke other maititaininga

fli:~t speed of 6’7miles an hour. For at this speed the thrust
●
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t“neone pr~peller is 17CC pounds>

10,200 pound-feet, or that of the

attack,

Rolling Moments.- Figures 6 and

J-+,~..eseaplane: first, with t~:eHull axis y.arallelto tke wind

and the rudder set at various angles of attack; then with the

ailecons neutral and the hull yawed thcough various angles.

These skew that with ne~tral ailerons the rolling noneni increase6

uniformly witi.yaw from Go to 20°; also that without yaw it in-

creases continuously with a~leron turning fzOm O* to 20°.

Lift md Drr.- Figure 8 and Tables I and IV, giving the

lift, drag and lift/drag, disolose characteristics resembling

those for the R.A.F.6 ~er~foil. The lift reaches its maximum at

about 16° angle of attack. TEe maximum lift/d,ragis 8.1 at 9°

angls of attack ~.d is not Well sustained, The rapid decline in

t’nelift/drag at 16° is due &tiost entirely to tF.erapid increase

of &7ag, This value of the ~axirmm iiftldrag %s not great con–

sidering the large aspect ratio. It nay be recalled that the ,

Burgess se&Flane SOOUt &gd CX+rtisHA seaplane had lift/drag ratios

respectively equal to S.7 and 5.1, though the aspect ratio was

less than for the present model. !i!heT“B seaplane with am aspect
●

ratio of about 7 discloses a naximum lift/drag ratio of S.4. In I

none of these, however, were the xodels, in their minor details

of structure, geometricall;~similar to tke full scale seaplane.
.

*
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Perforiiance.- Fi~re ~ shows that the seaplane weighing

L3,5G0 mounds can be sustained at slightly over 55 miles per

hour and mith 800 f.orse~oweractuating propellers of 75$ effici-
.

er-cy,can attain a speed of 96 xiles per liOUr. Owing, however,

to tilerayicidecrease of lift At tks kigher angles of attack, it

would seen best not to navigate at sy,eedsmuch below 60 niles

per hour. In standard air the seaplane skould be able to climb

at the rate of 185 fset per ~Lin~te at a speed of 65 miles an

hour, and 375 feet per minute at ~5 uiles an hour,



J?5 L seaplane
V = 40 mi/hr.
~2$ ~ :~=f:.l lbs/

...

Is = 2.42 ft.‘
‘.%=9..9Ibs.
M?m.wan =4,323 ft,
Scale of model, 1:24
!.reaof “elevators,

0.095 s~,ft,
span oi eleva~or~,

,~125 ft..

Max.span . 103’ 9*’I
male - full size

Area of e~eva~oxs,

56 Sq.ft,
Span of.elevators,

Iyl ~li
.’

,. .,

Table 1,

Ilodel
r

Lift in po~ds I Drag in pounds

Elevator I ;l(watc

10° up

-3.60
-1.14?
+o.71.2
;.52T

J:la

J
.970

6:$?;
7.750
9.220
10.520
11.550
12.050

.2076.0
-(@;

8 6)5
i

:23;:2
22gi’.o

2
z 36.0

?;0
1 .0

46.

22
10.0
60.0

66-5.0
69io.(J

,.- .

,

0’=’ I
~~o

down
10° up

-3.2@ -3.017 1.208
-:.:;: -Q.347 0.902

1.380 0,779
l:gg 2.23

2
0.735

2.755 3.q O.lq

d
.flo .g 8

29
~*707

.355 .730 0.728

2
.470 0.764

:2:2 2g/33 o.f$66
$.150 ~.510 1.OCA
9.%2 9.937 1.175
lo.gbo u. 195 1.377
11.~55 12.215 ;.$5~
12.375 12.730 .L

-189 ,0
2-E!.o

1?15.0
1093.0
ly?.o
2056.5
2508.0
225;.;

23506:
2520.0

6:$::
7130.0

,“-----

$2-173 .,
-2Q,
79 .0
z128 .5

i
17 1.0

z
22 ,0
272 .5

J?5
1 0.0

4;%:?)
~ 4,0
2$45.0
7040.0
7334.0

..--— .

696.0’

z~;j ~

42 ,21
407.3 ‘
407.3’
419.2
440.0
4g?l.g
gg.o
677.0
793.5
951.0
1275.0

0° 100
down

1.147
o.@=j4
0,722
o.69g
0.696
0.712
0,730
0.792

::%;
1.240
1.445

Ji
1. 4g
2. 11

f
61,0

4?;:;
402.0
400.9
410.0
g:.?

22
2 :5

7:4:2
.!33.0
2100 ,5

1389.0

--- .-,.. ..-, ... -,—

Pitching moment in I
lbF. in,

Elevator

–r6.2002.171
5.g2512.l&3

t--- ---

5.65312.283
--- 1 -–-
5.Lj++290

___ ---

.0 0 1.914
Z5.690 1.370
3.671 .329
2.134
J~9 ~i?$ll

1
-1,916

2.20 - .?17t3

Hj14 ‘
~z
---

6510
---
6393
---
5f;o

?52jo
24bo

875
941
25$0

.....
,, .

22 00
2 20
---
2630
---
263g
---
2204
1q%

2- u
-1890
-2 03
$- 35

.—-- -
,,

;

~ (JO

down

- ,307
- .74/3

---
- .525

---

- .793
---

-1.214
-1.619
-2s573
-3.503
- .8$ 35
- ,812
Al@

%!:
---

-605

- 5;4
---

Mg
-2965
.-4035
-4420
-5545
-5Q25
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F 5 L sea:lane
J’=- 40 r~i/hr.
~ = 4.1 lbs/sq.ft.
Scqle of model

1:24
Axis of ya~ing aor-
nal to thrust line,,
34?’of chord length
aft of leading

. edge.

F 5 L seaplane
v = 40 mi/hr.
q = 4.1 lbs/sq.ft.
Scale : full size
Axis of yaw..:fiozsnt

i ~o ~.+107 ‘ + 184
I

i

i

- 667

–1492

150 !-2436 ; -2382
\ i2G0 ;-3324 i –32S2
I t

I
. ..—

i290

iC620

~c)950

23180

54420

.
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I - 3.4G
-:2.92

I

I - 4.27~
-.3.54

i
t

_ 2.93

I - 2.44
! i.S8
! - 1.56
! - 1.13
[ - .68

I - ‘::
l–’ + .16

7 5 L seaFlane

‘J= 40 Eli/Lr.

q = 4.1 lbs/sq.ft.

Sc~e of model

1:24

Azea of rudder

Rudder neutral to

axis of hull,

I -2.46 .
- 2.03
- 3.63

I

I
!

t

4°I
I 2°

00
-2°_~o

-6°
;-8°
,-10°
-b l~o
.-14°
-16:
!-18
‘-20°

.’
“i

!

I,—

1. .44
.79

I 0,88 “

I 1.20
I 1.52
I 1, ~g

I 2.28

i 2. ?G
, 3*15
+ 3.60

i 3.39:I 4.03

- 4. !58
.-—.—

~ W,ll size I
Pounds-feet i,

i? 5 L seaplane

TJ= 40 mi/hr.

a = 4.1 lba/sq.ft.

Stale : full size

Area of ru~der
33 Sq.ft.

-sg~e
-3363
-283L
-2339
-18?8
-1521
-1.152
-0’795
-0476
-0158
+olo7

03s0
0592
1014
1382
1752
218&
2’327

I -4920
~ \ -40801

I
-33&o
-2810
-22$201
-1s00
-1302

7.22
- 465

{
– E5

I
+184

507

t SC8
1233
1695
a-no
~~qo

& 3334

I
I

:
4
2

I
0

-2

1
!
1-

,

I
i

Rudder neutral to

axis of hull.

I–12
-14
‘-K
I-18
I-N
t

31VJ I

I

39~o !
3628 4645

I
1

414?
I

5260 I
1
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Table IV.
I

~ Model

“1 Lift/Drag on Model in lbs.
Angle !I

i Elevator
..‘
I

i

i
!lo%p ““

*O ! 10° down
I t

. .

??5“L seaplan~ -6
I

i
--2.984 -2.729 -2.63

-3 1 -1.268 - .078 i-
Tf= 40 ni/hs. - .1

I

.913S! 1.439 t ~:;;:
o 2.075 2.683 1.

Scale = 1:24 1 3.362 3,:92 I

2
I .“:::;5

I :%; 1
5.144 i

I 6.074 I 6.479.
: 6.79? 1 6.eC7

?:246 ~.661 I 7.682
7*7E3 8.03 I 8.006
? .847 8.0’72 -8.014
7.639

Ii 1 I
7.?66 7*747

7*000 6.%8 ‘ 6.988
5.442 5.329 5.28

I

Full size

1F 5 L seaplane ‘- 6 -2.9’82 I -2.730 -2.630
-3” –1.268 –0.776 “ -C.406

Jr= 40 ai/hr. -1 +0.914 +1.439 +1.911
2.075 2.685 3.200

Scale: full size ,: 3.365 3*992 4.420 I
2 4.510 5*145 5.475 !

5.455 6.075 6.480 ‘-
: 6.220 - 6.800 6.915
6 7.245 7● 660 7.682

7*725 e.030 8.005
1:1 7.845 e.070 e.Clo 1
12 “ ?.640 7.718 7.745

7.OGO 7.000 6.990
i: 5.442 5.570 5.220

t !
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Angle of attack dial

T*4 I r- ~
!

I
I

Stay8

qnJ -Vefi>

;lodei.

.011”
i1

dia. wire 1

Stream line shield

Floor of tunnel

..

Fig. 2. A~paratus for measuring rolling moments.
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R=Waighi in pounds foz full-size seaplane.
-IJ=Veloci.tyin n.p,h. of seaplane.
()=Inclinaticn:.flongitudinal axis to the Horizontal.
For ~eference axis for~itching moments see Fig. 12.
W-variation of Fitching noment due to change of

normal velocity for full-size seaplane.
~fil’~~etacentricheightt~for ftill-sizeseaplane.

I ,
I F !. ..--— II -- ----+-~--~*==+%i6*--

.!

—. I 1
<

-1

4000 —--’ ,; ; —/--- -
i I ‘i

2000 -~–-

1 F ‘.L3L’’Y+”

- .—-. -- - ..2. -.—.

0 t—.

Angle of attack of chord of upper wing.

.. .

—

. .

Fig.3. Pitcfiingmoment about an assw.ed axis at 40 m.p.h.

-— Elevators 10° up.
11 co
tl—.— —— l(jo~~.

.
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1000 /!

5000 ‘

\

4000

yoo -

2000 ‘

Fo: 40 Li.p.h.A-M.
o

-1000

-2000

-3000

-4000

-5000 _g!7J

Fig, 5. Yawing moments with hull yawed

:,,

Angle of yaw,
and rudder neutral to hull, Wind speed 40 m.p.h.
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Axis of hull parallel to wind.

J
Deflection of ailer~n from wing

l?ig. 6. Rolling moment at various positions of ailerons,

Wind speed !0 m.p.h.
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:
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6000

5000

4000

30G0

2000

1000

c1

-1000

-2000 “

Angle of attack of upper wing eho~d to wind—
Fig.8. Lift, drag, and ~

drag
at 4Q m.p.h. en full-size seaplane.

Experiment 1 elevaimrs at 0°
—— —’ u n “ 1$

10° up.
n

:
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.- *M*-... -. -.*.... . . . . lC)O down,
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Miles per hour,
Fig. 9. Effeotive horsepower and angla Elevator6 neutral.,
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9 10° 15° ?00

Fi~,10. Yawinsz moments with hull vamed.&d. rudd& neutral to hull. Revise& fin,
‘Wind epeed 40 m.p.h.
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Angle of rudde+”to axis of hull.
Fig,ll. Yawing moment ”for various rudder angles with revised fin, Axis of hull parallel to wind

Wind speed 40 m.p.h.
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APPEHDIX.

Cements cm the Preceding Tests.

By Max ~. Munkr —.

The results of the.preceding tests are very suitable for

checking a formula or rather the existing meihod for the calcu-

lation of the ficnentproduced by the displacement of, for M-

stsnce, the elevator. This fomnuh would Ye:

(1) L + L ~S 57.3
-z =K

?.sq Csg b 1-r

wherein

L the lift produced by a displacement

c angle of displacement

S the area of the elevator

b the greatest span of’the elevator or tail plane

q the dynanical pressure of the speed as given by the
Pitot tube.

K a ccefficien+, mhich is not variable to a .qre&tdegree,
is about 1.3 for the usual ratio of the el&ator
tail plane area.

The meaning of the formula is as follows: The first

is the lift per unit of elevator’area, dynamical preesure

displacement. 57.3 L/b q is the decrease of the induced

a~d -

tern -—

and

an@ e

of attack in degrees which multiplied by 0.1 S q gives the cor–

responding lift; vkile the seccnd term-gives this lift per unit

of the area, dynamic press~-e and displacement. The left side

thus represents the entire result of the displacement, tke second

tem is the part aeutrali zed subsequently by the aerodynmi eal

inducticm.
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In ozder to check up this fomula I proceed now to calculate1

the factor K from the-results of the pzeceding tests. I divide

the moments obtained from respective arms, by the dynanic pres-

sure, the area and the di,splacememt. To this I afldthe change

of the induced angle of attack multiplied by 0.1. The sum is the

coefficient K. I begin :ith the elevator and refer to the tull-

sized seaplane.

A 20° displacement of the elevator produced a pitching no-

, ment of 7250 ft. lbs., the arm being 16.2 ft., the elevator area

55.3 Sq.ft., and the dynamical pressure 4.1 lbs.sq.ft. The

product of area, arm and dynamic pressure is 3670 Ibs. ft. The

increase of”the noment per 1° is 362 ft. lbs., hence the increase

of the corresponding lift coefficient with reference to the ele-

vator area is

362i3670 = 0.099

(which is the fizst tera cf equation 1)

b The span of the elevator is 19.5 ft.,,hence the area ratio

area/spanz = 55.3/19.52 = 0.121

(giving the seoond term of the equation)

and the induced angle of attack fox the lift coefficient C.099 is ,

0.099 . 0:121 . 57.3/’Tr = G. 22°

an angle whit’ncorresponds to a lift coefficier.tten times as

as small, that is, 0.022. Hence the real effe~ is so ~~h

greater, that is
.

.

0.099 + 0.022 = 0.121
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and the theory supposes this coefficient to be constant for eaok
L

rat:.oelevator/tail-plane and to be in the neiglisorhcodof the

obtained value for the ‘prese-ntratio.

T.hsrolling xoznent,as pzoduced by the iisplaoenent of the

~~lero~~ , can be treated similarly. The ~roduct of a-ea, arm,
ft.

and dynaiiiopressure is now 20,400 lbs,/for the full-sized fie~d- “

plane and the produced aoment per 1° displacement is 2,CC0 .

lbs. ft., therefore:

t CL = G.1 per 1°
.

L The ratio of the aileron chord to the wing chord is shout the

same as with the elevator and the effeot-of the induction ought

to increa~e this coefficient to about 0.12 as before. This ef-

fect however cannot be calculated as easily as before, but on the

contrary could be deteriiiinetiby ~odel tests similar to the pres-

ent one. In this’partiotilarcase the ~ace between the aileron

and the wing was particularly great, tkus decreasing the aileron

effect, and that 5s the “reasonwhy this test is

fog this calculation, It can be seen, ko~ever,

not well fitted

that the obtained

value is not very far from the e~ected value.

The yawing

and the product

is2220 lbs. ft,

moment ‘isproduced’by a rudder area of 33.5 sq.ft.

of this area”by the arm and the dyna.niopressure

The moment corres~onding to 20 displace em nt of

the ru~der is 160

The vertical span
.

lbs, ft., giving tine. .
CL* o,072

of the tail unit can

first term a value of

.

be considered to be about

—
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10 ft., giving an area ratio.

33. 5/10 = 0.335.

The induoecilift coefficient for 0.072 is now

57,3 .0.1 , G.072 ~ o.335/h = 0.054

increasing the apparent “effectto the reai effect

0,072 + 0.054 = G.126

Tkis is approximately the same value again as with tk.eelevator. “

The yawing ~oment produced by a yawing &ngle is a function

of the sha~e of the etitireseaplane and cannot be calculated as “

before. This alSO Zolds .tme for the increase of the moment ast

produced by the increase of the tail plane area, as the effective

angle of attaok is unknown.. ln tinepresent case t&ie increase is

the same as if the effective angle’ of attack is only 3@0 of the

yawing angle. It is known however fsom experience that the phys- “

ical law between m increase of tail plane and the produced ef-

fect is vsry iuregular and &n incrsase of the area can even result

in a decrease of the stability. The phenomenon is much dominated

by the viscosity of the air, and such model tests which are not

at full scale with respe~t to viscosity must ‘oeregarded as doubt-

ful.

The effect of the disFlacer~entof the controlling surfaces

as observed by this model test well agrees titk the computation

and hence these tests augment the confidence in these modern

methods of aerod~amic computation.


